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Abstr act

This note considers several hypotheses regardi ng neasurenent
error as a source of observed cross-sectional dispersion in
pl ant-1evel productivity in the US textile industry. The
hypot heses that reporting error and/or price rigidity in either
mat eri al s and/ or output account for a substantial portion of the
observed dispersion in productivity are consistent with the data.
Simlarly, the hypothesis that transitory product niches or
fashion effects lead to differential markups and consequently
di spersion in observed productivity is consistent with the data.
The hypothesis that transfer pricing problens |ead to persistent
differences in plant-1level productivity, in contrast, does not
appear to be consistent wwth the data. Finally, the hypothesis
that sonme plants have permanent product niches that lead to
di spersion in observed productivity does not appear to be
consistent wwth data. In order to avoid inposing a strong
functional formon the data, this note follows a non-paranetric
met hodol ogy devel oped in the early paper.

Keywords: plant-1level productivity, textile industry, nmeasurenent
error.



l. Introduction

This note adds further results to “Whittling Anay at
Productivity D spersion (Dwer, 1995).” In that paper,
productivity was neasured at the plant |evel via a val ue added
based neasure of total factor productivity in 22 different
textile industries from1972 until 1987.! | found a great deal
of dispersion in plant-Ilevel productivity. Further enpirical
wor k suggests that plant-level productivity is nmade up of at
| east two conponents (Dwer, 1996). One conponent is highly
transitory and another conponent is highly persistent. These
results beg the question: how nuch of the transitory and
per manent conponents are the result of neasurenent error?? This
note examnes the ratio of material costs to total val ue of
shi pnments (hereafter the mat:sales ratio) across productivity
| evel s as a possible proxy for neasurenment error. There are at
| east six possible hypotheses for why the mat:sales ratio could
differ across plants. | wll consider each in turn.

In carpets at |east, a manufacturer wll receive price
protection fromhis suppliers. The manufacturer typically
contracts an option to purchase a material input at a given price

! Total factor productivity is neasured as the ratio of value added to an
i ndex of inputs. The index of inputs is the geonetric average of capital and
total enployment, weighted according to their output elasticities. The output
elasticities are taken fromesti mates of a Cobb-Dougl as production function
that is estimated with tinme and tinme region dummies. For further
met hodol ogi cal details see Dwyer (1995).

2 In this paper, the term neasurenent error is anything that leads to a
deviation fromthe conputed defl ated revenue based neasure of a physica
quantity and the actual correspondi ng physical quantity. The termreporting
error, in contrast, refers to forns being filled out incorrectly. Reporting
error is one formof measurenment error, but neasurenent error need not be
reporting error.



for a certain period of tine, perhaps six nmonths. Therefore, if
the price of an input were to rise sharply, a plant that has just
signed such a contract will purchase its inputs at a price bel ow
the industry average. This will lead to val ue added bei ng
overstated. Therefore, the plant will be nmeasured as being
hi ghly productive, but will have a | ow mat:sales ratio. Under
this hypothesis, the mat:sales ratio will be inversely associ ated
with the transitory conponent of observed productivity, but not
t he persistent conponent.

Thi s explanation can be equally well applied to the output
price of a product. Suppose a plant contracts at a certain price
over a certain period of time, and business conditions change,

making it either a good price or a bad price. If it is a good
price, it will lead to high productivity with a | ow mat: sal es
ratio. If it is a bad price, it will lead to a | ow productivity

with a high mat:sales ratio. Under this hypothesis, the
mat:sales ratio will be inversely associated with the transitory
conponent of observed productivity, but not the persistent
conmponent .

Anot her version of essentially the sane story is that the
plant finds itself selling a product for which there is a
shortage, i.e., a market niche or a product that is in fashion.
In this situation, the plant can charge a high price for its
product that will not be captured by the four digit price index.
Therefore, the real value added of the plant will be
overesti mted. Consequently, the plant’s productivity wll be
high and its mat:sales ratio will be low. Unless the plant can
mai ntai n the product niche, this phenonenon will be transitory.
Under the hypothesis of a tenporary product niche, the nmat:sales
ratio will be inversely associated with the transitory conponent
of productivity but not the persistent conponent of productivity.



In the event that the plant can maintain the product niche,
it can be thought of as a high value added plant, which is the
fourth possibility: If a plant is able to consistently produce
nore val ue added with the sanme inputs, then it is a high val ue
added plant, which could be thought of as a form of productivity.
Under this hypothesis, the mat:sales ratio would be inversely
associated with the persistent conponent of productivity.

Anot her type of nmeasurenent error stens fromanbiguity in
setting transfer prices. |If a plant is selling its output to a
parent conpany, its often not clear what the armis length price -
- the price at which the product would trade if the two parties
were unrelated -- would be. A plant that sets the transfer price
of its output too high will have overstated val ue added and
productivity and have a | ow mat:sal es ratio, ceterisparibus. Each
pl ant develops its own systemfor assigning this price and it is
likely that the systemw |l stay in place for sonetine. This
type of neasurenent error should be rather persistent. Under
this hypothesis, the mat:sales ratio would be inversely
associated wth the persistent conponent of productivity.

Finally reporting error can lead to a low mat:sales ratio
for a plant neasured as being highly productive. |[If forns are
filled out incorrectly, the errors that benefit a plant’s
productivity are those that understate materials and overstate
sales. Gven that a plant has a high | evel of observed
productivity, then it is likely that the reporting error is in
its favor. Therefore, plants with high | evels of productivity
shoul d have | ow mat:sales, at |east due to reporting error. The
mat : sal es rati o should be associated wwth the transitory
conponent of the error term at least to the extent that the
reporting error is transitory.



In this note, | first neasure the extent to which the nore
productive plants have low mat:sales ratios. | then present and
execut e a net hodol ogy for determ ning how much of the dispersion
in productivity levels can be attributed to neasurenent error,
dependi ng on whet her or not the neasurenent error is in total
val ue of shipnents or in the cost of materials purchased. | then
measure the extent to which this measurenent error is associ ated
wi th the persistent conponent of productivity. | find that
measurenent error, proxied by the mat:sales ratio, typically
accounts for between 25 to 50 percent of the dispersion in
productivity levels. Furthernore, this formof measurenent error
is associated with only the transitory conponent of productivity.

I1. The Mat:Sales for High versus Low Productivity Plants

Plants are ranked into deciles according to their
productivity in a given tinme period. The first colum of Table 1
presents the tinme nean of the ratio of the productivity |evels of
the plants in the ninth to the plants in the second decile - -
the TFPratio. Intuitively, the TFPratio is the ratio of the
productivity level of the 85th percentile plant to the 15th
percentile plant. Likewi se, the first colum of Table 2 presents
the ratio of the nean productivity level of the eighth and ninth
decile to the nean productivity level of the first and second
decile. These are robust unit free neasures of dispersion in
pl ant -l evel productivity.® The fact that they range fromtwo to
four inplies that the plants that are in the top end of the

8 Robust in the sense that they are not outlier domnated. All
observations are used to rank the data. The magnitude of the outliers,
however, does not effect the magnitude of the dispersion. This is a desirable
property when working with the LRD, because the outliers are clearly the
product of reporting error, e.g., reporting the nunber of enployees rather
t han t housands of enpl oyees.



di stribution produce nore than twi ce the output of plants in the
bottomend of the distribution, with the sanme inputs.
Approxi mati ons of the standard errors are in parentheses (they
are based on a first order Tayl or expansion, for the details see
Appendi x |1l of Dwyer 1995.).

The second colum of these tables presents tinme nmean of the
ratio of the nean mat:sales ratio for the plants in the upper end
of the distribution to those in the |Iower end, when ranked
according to productivity. The fact that these nunbers are
al nost al ways | ess than one denonstrates that the plants that are
measured as being highly productive generate nore output with the
same material inputs than the plants in the | ower end of the
distribution. This is predicted by all of the six hypotheses
described in the introduction.

I11. How Much of Dispersion in Plant-Level Productivity Can Be
Attributed to Measurement Error.

Suppose all plants have the sane mat:sales ratio and the sane

| evel of productivity. Further, suppose that the observed

di spersion in the mat:sales ratio is solely the product of
measurenent error. Then, how nuch di spersion woul d you expect to
observe in productivity? and how does this conpare to what is
observed? It turns out, that it critically depends on where the
measurenent error is. |If the nmeasurenment error is in material

i nputs, then you woul d expect |ess dispersion in productivity

than if the measurenent error were in the total val ue of



shi pments neasure. Therefore, we consider both possibilities as
an upper and | ower bound.
Errors In Materials

Suppose that there are two plants, A and B, both of which
have the sane val ued added Cobb- Dougl as production functi on,
i.e., a Cobb-Douglas production function nested within a perfect
conpl enments production function, but materials is neasured with

error. That is,

Y = Min{ >%1_ S),'\%S)},

where Mis materials and X is an index of capital and | abor
inputs. Cearly, cost mnimzation inplies that MY and X = (1-

s)Y. Value added is defined as:

Y = Min{ >%1_ S),'\%S)}

TFP i s defi ned as:
TP =YA_q
X

Now suppose that observed val ue added is based on observed

mat eri al s whi ch contai ns measurenent error:

VA® =Y - M° =(1- 5)Y +sY - M° =VA+(M- M°),



where the superscript, o, represents the observed val ue.

Therefore, observed TFP is given by:

_ 0
TEpe g Mo M.
X

Let,

Suppose that firns A and B enploy the sane materials to inputs
ratio but differing in their * s, that is neasurenent error as a
percent of inputs. Then the ratio of their observed TFPs is

gi ven by:

by straight-forwd algebraic mani pulation. This equation says
that if nmeasurenment error in materials was the only source of
productivity dispersion, then you would expect the ratio of
productivity levels of the plants in the ninth to first decile,
to be equal to the ratio of one mnus the typical mat:sales ratio

for the plants in the respective deciles. | neasure the typical



rati o as being the nean of each group. The third col um of
Tabl es 1&2 conputes the TFP rati o predicted by the mat: sal es
rati o, where | amconparing the ninth to second deciles. The
sixth colum of these tables presents the percentage of the TFP
ratio that is accounted for by the mat:sales ratio, according to
this methodology. It is the time nean of the predicted TFP ratio

| ess one divided by the observed TFP ratio | ess one.

Errors in Total Value of Shipments

Let:

VA =Y°- M =Y°- Y +VA,

where Y° is the observed | evel of output.

Not e t hat:
0_ o 0 -
TEpe = Y+1:§ei988{—-19
X 1

-s2eM @

Therefore, the ratio of the productivity of Plant Ato Plant Bis

gi ven by:

el 0
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Thi s expression can be evaluated at the nean mat:sales ratio for
the neans of the respective deciles. This predicted TFP ratio is
al ways bigger than the TFP rati o conputed under the assunption
that the nmeasurenment error was in the materials variable. In
Tables 1 and 2, the fifth colum presents the predicted TFP ratio
according to this nethodol ogy and the seventh colum presents the
percent age of dispersion in productivity that is accounted for by
the mat:sales ratio.

If the neasurenent error is assuned to be in materials, the
percent age expl ained ranges froma low of -1.4 percent to a high
of 36, with a nedian of 13.5 percent. Alternatively, if the
measurenent error is assuned to be in sales, the percentage
expl ained range forma low of -2.2 percent to a high of 92
percent with a nmedian of 34.5 percent. Therefore, it appears
that dispersion in the mat:sales ratio across plants with
different |evels of productivity accounts for a substanti al
portion of the dispersion in productivity.

IV. Is the Association Between Mat:Sales and Productivity
Persistent or Transitory?

The previous section denonstrates that there is an inverse
rel ati on between productivity and the mat:sales ratio. The
guestion then becones: is the association wth the persistent
conponent of productivity or the transitory conponent of
productivity or both? This can be addressed by tracking the
plants at the top and bottom ends of the distribution forward in
tinme and conpute the ratio their mat:sales ratio in the future.



By tracking plants that were highly productive into the future
one filters out the transitory conponent and is left with a

persi stent conmponent: The plants that were in the top end of the
di stributi on have above average productivity today, because the
persi stent conponent of their productivity is above average, even
t hough their transitory conponent has regressed to the nean on
average (see Dwyer, 1995). The question then becones, do the

pl ants that were highly productive continue to use |less materials
per unit sales than the plants that had | ow | evel s of
productivity. Tables 3 and 4 executes this nethodol ogy. They
present the tinme nmean of the expected mat:sales ratio:

Average Mat: Sal Ratio
Average Mat: Sal Ratio

for Table 3, and

of plantsthat wereinthe 9th decileint
of plantsthat wereinthe 2th decileint ’

t+X

EXMS =

t+Xx

Average Mat: Sal Ratio
Average Mat: Sal Ratio

of plantsthat wereinthe8thor 9th decileint
of plantsthat wereinthe 2th or 3th decileint

t+X

EXMS =

t+Xx

for Table 4.

The results of these tables are remarkable. The EXMS
regresses to one, or very close to one for nost industries within
two or three years; the EBMS ratio is statistically indiscernible
from1l in every industry in Table 3 and statistically
i ndi scernible or greater than one in every industry in Table 4.
Thi s suggests that the neasurenent error proxied by differences
inthe mat:sales ratio is inversely associated with the
transitory conponent of productivity but not the persistent
conponent of productivity. Therefore, this is consistent with
t he hypotheses that rigid prices, tenporary market niches, and/or
transitory reporting error lead to dispersion in productivity.
The hypothesis that internal transfer pricing issues lead to
di spersion in productivity, however, appears to be inconsistent

10



wth these results. At |east transfer pricing policies do not
appear to lead to dispersion in the persistent conponent of
productivity. Furthernore, it does not appear that neasurenent
error in either materials or sales is the source of dispersion in
t he persistent conponent of productivity.

11



Table 1:

The TFPratio and The Ratio of Mat:Sales for the 80-90 Percentile to the 10-20

Percentile when Ranked according to Productivity.

SIC TFPrat Mat:Salesratio pTFPr by | pTFPY % % explain
mat by explain by
Sdes by mat Sdes

2211 | 2448 (.018) 0.79 (.023) 1.32 171 22. 49.
2221 (2328 (.011) 086 (.022) 117 1.37 13. 27.
2231 [2691 (.033) : : : :

2241 2483 (.023) 0.89 (.053) 1.15 1.40 9.7 25.
2251 3380 (.055) 0.83 (.047) 1.27 159 14. 31
2252 12344 (.020) 0.80 (.028) 131 1.66 24, 51.
2253 |3.054 (.030) 104 (.051) 1.00 101 -0.76 -14
2254 12885 (.059) : : : : :
2257 2967 (.028) 098 (.043) 1.06 114 3.8 8.
2258 12992 (.031) 1.03 (.080) 0.97 0.95 21 -3.7
2261 |[3.023 (.045) : : : : :
2262 | 2704 (.035) 0.85 (.057) 1.15 1.37 99 24,
2269 |3.365 (.084) : : : : :
2273 | 3.796 (.038) 090 (.021) 1.26 144 9.2 15.
2282 |2724 (.021) 099 (.059) 1.04 1.08 22 44
2283 12334 (.0094) |0.85 (.016) 1.27 1.49 20. 36.
2295 12891 (.032) 0.76 (.045) 1.45 1.96 22. 48.
2296 |4.693 (.26) : :

2297 | 2.798 (.038) 0.83 (.052) : : : :
2298 3163 (.047) 0.89 (.058) 1.24 157 13. 31
2299 ]13.029 (.029) 1.14 1.36 7.1 18.
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Table 2:

The Ratio of Mat:Sales for the 70-90 Percentile to the 10-30 Percentile when
Ranked according to Productivity.

Sc TFPrat Mat:Sdesratio pTFPr | pTFPr % explan % )
by ma |by by mat explain
Sdes by
Sdes
2211 |[2.06 (.015) 0.82 (.019) 1.26 155 24, 52.
2221 [ 197 (.011) 0.89 (.018) 1.13 1.26 13. 26.
2231 |222 (.037) 0.86 (.076) 1.13 1.40 12. 35.
2241 [2.09 (.024) 0.85 (.044) 1.16 142 15. 39.
2251 [271 (.046) 0.88 (.043) 1.14 131 9.3 20.
2252 (198 (.017) 0.84 (.026) 1.22 1.47 23. 48,
2253 243 (.024) 1.06 (.044) 0.98 0.97 -14 -2.2
2254 (232 (.051) 0.72 (.043) 1.37 1.96 36. 922.
2257 1237 (.023) 0.95 (.033) 1.09 1.18 6.8 12.
2258 | 2.44 (.030) 0.99 (.055) 1.02 1.06 18 4.3
2261 |[241 (042 0.80 (.047) 1.23 161 18. 48.
2262 (220 (.034) 0.84 (.047) 1.18 1.44 14. 34.
2269 | 257 (.070) 0.80 (.050) 1.40 1.82 24, 50.
2273 1295 (.033) 091 (.018) 1.19 1.32 10. 16.
2282 [223 (.024) 1.02 (.052) 0.99 0.99 -.83 -9
2283 [1.98 (.010) 0.88 (.014) 1.20 1.36 20. 36.
2295 1233 (.033) 0.83 (.026) 1.30 157 22. 42
2296 |3.25 (.296) : : : : :
2297 |224 (.037) 0.84 (.034) 1.22 1.47 19. 40.
2298 | 256 (.049) 0.86 (.033) 1.16 1.36 12. 28.
2299 |[245 (.027) 0.87 (.043) 1.16 1.39 11. 26.8
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Table 3:

20th percentiles.

The Expected Mat:Sales Ratio: Compares the Mat:Sales
Ratio of plants in the 80-90 percentiles to those in the 10-

SIC  |Ma:Sdesrat | EIMS E2MS E3MS EAMS
2211 |079 (023) |092 (029) [095 (.022) 1.01 (.028) 0.94 (.015)
2221 | 086 (022) |094 (039) |[098 (034) 1.00 (.035) 1.00 (.033) .
2231 | . . . . .

2241 | 0.89 (.053)

2251 | 083 (047) |. .

2252 |0.80 (028) |092 (032) |[093 (016)

2253 | 104 (051) | 113 (.12) 1.22 (.107)

2254 | . . . .

2257 |098 (043) |1.16 (064) |1.07 (051) 0.99 (.030)

2258 | 1.03 (080) |. . .

2259 | .

2261 | 0.85 (.057)

2262 | .

2269 | 090 (021) |. . .

2273 |099 (059) |096 (032) |[1.01 (021) 1.02 (.012) .

2282 | 085 (016) |- . . 0.95 (.024)
2283 | 076 (045 |092 (026) |0.95 (.029) 0.98 (.026) .

2205 | . . . .

2206 | .

2297 | 0.83 (.052)

2208 | 0.89 (.058)

2299
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Table 3 (cont.);

The Expected Mat:Sales ratio: Compares the
Mat:Sales ratio of plants in the 80-90 percentiles to

those in the 10-20th percentiles.

SIC

ESMS

E6MS

E7/MS

EBMS

2211
2221
2231
2241
2251
2252
2253
2254
2257
2258
2259
2261
2262
2269
2273
2282
2283
2295
2296
2297
2298
2299

0.99 (.030)

0.93 (.027)

0.99 (.025)

1.12 (.014)

0.95 (.022)

1.01 (.026)

0.92 (.019)

104 (029)

0.96 (.021)
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Table 3 (Cont.) The Expected Mat:Sales ratio: Compares the
Mat:Sales ratio of plants in the 80-90 percentiles to

those in the 10-20th percentiles.

[

e9ms

€10ms

ellms

el2ms

2211
2221
2231
2241
2251
2252
2253
2254
2257
2258
2259
2261
2262
2269
2273
2282
2283
2295
2296
2297
2298
2299

1.09 (.030)

0.96 (.021)

1.08 (.032)

0.93 (.017)

1.07 (.028)

0.98 (.016)

0.99 (.013)
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Table 4 (cont.): The Expected Mat:Sales ratio:  Compares the
Mat:Sales ratio of plants in the 70-90 percentiles to

those in the 10-30th percentiles.

sic | Ma:Sdes EMSL EMS2 EMS3 EM4
211|082 (.019) 093 (027) |0.93 (.027) 098 (034) |0.95 (.028)
2221 | 0.89 (.018) 094 (023) |098 (.023) 098 (021) |0.98 (.022)
2231 | 0.86 (.076) . . . .

2241 | 0.85 (.044) 093 (066) |0.95 (.063) 1.05 (.079)
2251 | 0.88 (.043) 092 (052) |0.93 (.050) . .

2252 | 0.84 (.026) 091 (034) |094 (.041) 098 (045 |0.98 (.047)
2253 | 1.06 (.044) 119 (063) |1.22 (.073) 125 (.082) |1.18 (.083)
2054 | 0.72 (043) . . . .

2257 | 0.95 (.033) 103 (042) |1.01 (042) 098 (037) |0.99 (.042)
2258 | 0.99 (.055) 100 (077) |1.00 (.074) 107 (078) | 1.08 (.092)
2261 | 0.80 (.047) . . . .

2262 | 0.84 (.047) 0.90 (067) |0.93 (.079) 0.96 (085 |0.97 (.089)
2269 | 0.80 (.050) 076 (071) |0.78 (.065) . .

2273 | 091 (.018) 097 (025) | 1.01 (.026) 1.00 (027) | 1.00 (.028)
282 | 102 (052 114 (059) |1.13 (.066) 117 (065) | 1.09 (.074)
2283 | 0.88 (.014) 095 (016) | 097 (.017) 098 (018) |0.98 (.018)
2205 | 0.83 (.026) 097 (045 | 093 (.054) . .

206 | . . . .

2297 | 0.84 (034)

2208 | 0.86 (.033) . . .

2200 | 087 (.043) 092 (058) |0.99 (.070) 0.95 (.088)
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Table 4(cont.) The Expected Mat:Sales ratio:  Compares the
Mat:Sales ratio of plants in the 70-90 percentiles to

those in the 10-30th percentiles.

SIC

EMS5

EMS6

EMS/

EMSS

EMS9

2211
2221
2231
2241
2251
2252
2253
2254
2257
2258
2261
2262
2269
2273
2282
2283
2295
2296
2297
2298
2299

0.94 (.029)
0.99 (.024)

101 (.041)
110 (070)

0.99 (.052)

1.01 (.029)
1.19 (.085)
0.97 (.020)

0.98 (.036)
1.00 (.027)

0.97 (.048)
1.00 (.081)

103 (.054)

1.00 (.030)

0.98 (.021)

0.92 (.033)
1.00 (.029)

0.89 (.055)
111 (10)

0.99 (.051)

0.98 (.033)

0.96 (.022)

0.94 (.034)
1.03 (.031)

1.01 (.076)
1.16 (.107)

1.05 (.064)

0.97 (.033)

0.98 (.024)

0.94 (.047)
1.06 (.034) .

104 (075) .

0.99 (.040) .
0.99 (.029) .
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Table 4 (cont.)

The Expected Mat:Sales ratio:

Compares the

Mat:Sales ratio of plants in the 70-90 percentiles to

those in the 10-30th percentiles

SIC

EMSI0

EMS11

EMS12

2211
2221
2231
2241
2251
2252
2253
2254
2257
2258
2261
2262
2269
2273
2282
2283
2295
2296
2297
2298
2299

1.03 (.056)
1.03 (.035)

0.99 (042)

0.95 (.029)

0.97 (.050)
1.05 (.037)

1.01 (.059)

0.99 (.032)

104 (043)

1.006 (.034)
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